Materials and Methods
Following institutional review board approval, the records of the division of surgical pathology at the University of Chicago Medicine were searched for patients who had undergone PN, either open or laparoscopic, from January 2005 through December 2012 inclusive (8 years total). Clinicopathologic features as well as follow-up data were tabulated: age, sex, tumor size and number, bilaterality (if present), histologic subclassification, status of the resection margin, and local recurrence. The entirety of the clinical follow-up derived from the office and clinic records of the treating physicians as posted on the University of Chicago electronic medical record. The follow-up period for all patients was 1 to 109 months (mean, 33.1 months). Eight patients died of unrelated causes, and 21 were lost to follow-up. The patients with positive resection margins were followed up from 1 to 96 months (mean, 25.1 months). One patient died, and two were lost to follow-up. In total, 125 patients with renal cell carcinoma (RCC) were followed for less than 1 year, and more than 90% were referred to the local primary care provider. All recurrences were treated at the University of Chicago.
A positive margin was defined as tumor extending to the inked specimen edge, either the parenchymal interface or the peripheral fibroadipose tissue. A local recurrence was defined as an ipsilateral tumor in the remaining kidney of identical histologic type as the original.
After inking the uncut specimen, margins were assessed by visually examining the sectioned surfaces and determining the shortest distance from the tumor to the nearest inked specimen edge. Sections for histologic study were obtained to include both tumor and margin (ie, "shave" sampling was not used). This procedure was followed by both resident prosectors and pathology assistants for routinely received specimens as well as for those specimens received fresh for frozen section. While final pathologic determinations were made by specialty genitourinary pathologists, frozen sections were managed by customary staff rotation with specialty consultation available as needed.
Results
The salient clinical data are summarized in ❚Table 1❚. The 473 PNs were from 466 patients. There were 406 (85.8%) RCCs and 67 (14.2%) benign renal tumors. The age range for patients with RCC was 24 to 88 years (mean, 58.3 years), with a sex distribution of 260 men and 139 women. The tumor sizes ranged from 0.5 to 14 cm (mean, 3.27 cm). Benign tumors were found in 22 male and 45 female patients, with an age range of 15 to 83 years (mean, 53.6 years) and sizes ranging from 0.7 to 15.8 cm (mean, 3.6 cm).
❚Table 2❚ lists a year-by-year tally of RCCs, including cell type, stage, margin status, and recurrence The 406 RCCs occurred in 399 patients. In total, 371 PNs with RCC had a single tumor. Among the major tumor types were 243 clear cell RCCs (CRCCs), 77 papillary RCCs (PRCCs), and 47 chromophobe RCCs (CHRCCs). Less common histologic types included three translocation RCCs, two mucinous tubular and spindle cell RCCs (MTSCRCCs), 14 clear cell (tubulo)papillary RCCs (CPRCCs), and one tubulocystic RCC. There were eight multilocular cystic RCCs (MLCRCC) now considered neoplasm of low malignant potential. 22 Three RCCs remained unclassified. Thirty-five RCCs were multifocal. Eight cases of RCC were mixed types and by definition multifocal. Thirty-six patients with RCCs had bilateral tumors, of which 12 were also multifocal. Pathologic staging was reflective of small tumor sizes, with 299 T1a, 64 T1b, 14 T2, and 29 T3.
❚Table 3❚ shows margin status, multifocality, and recurrence by RCC type. Sixty-one (15%) RCCs with positive margins were distributed as follows: 43 CRCCs, six PRCCs, nine CHRCCs, one translocation RCC, one tubulocystic RCC, and one CPRCC. There were 34 multifocal RCCs and one multifocal MLCRCC. Five tumors with positive and six with negative margins recurred. Forty-one tumors were pathologic stage T1a, 10 were T1b, two were T2, and eight were T3. Stage T3 tumors were distributed as follows: seven CRCCs and one CHRCC. Of stage T3 tumors, one CRCC was multifocal and recurrent. Five of eight T3 tumors were 4.0 cm or larger. Of 61 positive margins, 53 were parenchymal, seven were soft tissue, and one was parenchymal and soft tissue. Recurrences related to margin status are summarized in ❚Table 4❚ and ❚Table 5❚. Nine patients with 20 RCCs had a local recurrence. As noted in Table 4 , only four patients had tumors with positive margins; the tumors were multifocal in three of those patients. Two positive margin recurrences occurred in one patient. Two patients with CRCC and positive margins, one of whom was known to have von Hippel Lindau (VHL) syndrome, had two separate recurrences. One patient had had a contralateral nephrectomy and had metastatic disease at the time of the PN. The TFE3 translocation carcinoma had a positive margin and recurred in 3 months. Recurrences in other patients extended up to 24 months.
However, recurrences were also encountered in five cases with negative margins, including two recurrences in one patient (Table 5) . In this group, there were four CRCCs and one PRCC. At the time of the initial resections, all tumors were unifocal. Two patients also had bilateral There were 67 benign tumors in 22 male and 45 female patients with an age range of 15 to 83 years (mean, 53.6 years). Fifty-eight (86.6%) benign renal tumors were unifocal: 27 oncocytomas, 23 angiomyolipomas (AMLs), three mixed epithelial and stromal tumors, two metanephric adenomas, one leiomyoma, one anastomosing hemangioma, and one carcinoid. Three oncocytomas and 6 AMLs were multifocal. Twenty one (31.3%) benign renal tumors had positive margins of which only one oncocytoma recurred. That patient had a history of contralateral nephrectomy for CHRCC.
Frozen section was performed in 29 RCCs (7.1%), of which 21 were requests for margin status. Twenty margin samples were submitted separately from the main specimen, and one was part of the main specimen examination. Nineteen margins were negative, one was positive, and one had atypical cells at the margin. In eight cases, frozen section was requested for tumor confirmation and diagnosis. 
Discussion
The increasing use of body imaging for relatively minor abdominal complaints has resulted in the identification of more and smaller renal tumors. While the historical standard for the treatment of renal tumors, most prominently RCC, has been the RN, PN has become the currently accepted surgical treatment. Current practice is to perform a PN for a solitary renal tumor less than 7.0 cm that does not involve the collecting system. PN has the advantage of preserving renal parenchyma in patients with chronic renal disease, patients with a solitary kidney, or patients with VHL syndrome whose disease course is typified by multiple renal tumors. In the comparison of RN and PN, issues of importance to pathologists are the distribution of tumor cell types, pathologic stage, and completeness of excision as reflected in margin status. It is presumed that margin status is prognostically significant, especially related to local recurrence.
Given the diversity of renal cortical cancer histology, including the ongoing description of new tumor subtypes, tumor genetics, and immunohistochemical properties, no longer does a simple diagnosis of "renal cell carcinoma" suffice. In the present study, on a yearly basis from 2005 to 2012, the major cell types were consistent in their distribution, similar to that encountered from RN in the past: well over half were CRCC, followed by PRCC and CHRCC. Consistent with the modern imaging contribution to the discovery of lesions of smaller size, 75% were pT1a. Of the miscellaneous cell types found in this study, rare examples of new entities were encountered, most prominently CPRCC. Only three tumors over this survey period remained unclassified.
Total tumor removal without cutting across tumor is the major justification for the RN, until recently the standard operation for tumors of the kidney. The extrapolation of this principle to PN assumes that a positive parenchymal or peripheral resection margin or even a close approximation of the tumor to the margin is predictive of local recurrence. 19 Regarding this issue, it is problematic that the definition of an adequate margin has yet to be settled. The present study considered anything less than tumor extension to the inked edge to be negative.
The present series of 406 RCC cases includes 61 cases with a positive margin. Of 243 CRCCs, 43 had a positive margin. There were four recurrences in this group, including one patient with VHL syndrome, all of which were multifocal tumors. None of the PRCCs, CHRCCs, CPRCCs, and tubulocystic RCC recurred, regardless of positive margin status, suggesting that tumor type may play a role in recurrent behavior. In one patient, TFE3 translocation RCC, considered a high-grade aggressive tumor, also recurred. Furthermore, recurrences were not restricted to renal cortical malignancies. In the present series, there were 67 benign tumors. Twenty-one had positive margins; only one recurred. This was an oncocytoma in a patient with a prior contralateral nephrectomy for CHRCC. No clinical evidence of a syndrome was apparent.
The tumors that recurred despite a negative margin are represented by high-grade (Fuhrman nuclear grade 3 or 4) and higher stage (T2a and T3a) tumors that recurred in 9 and 4 months. One patient had a multifocal tumor in a subsequent nephrectomy. Kubinski et al 12 described a recurrence in a patient with a negative resection margin but Fuhrman nuclear grade 4 and T3a stage. Two other patients in this series with recurrent CRCC and negative margins had Fuhrman nuclear grade 2 and 3 and stage T1b and T3a, respectively. However, the recurrences were at 45 and 48 months, suggesting either inherently slow growth of the tumor inadvertently incompletely resected or a second smaller tumor was not detected at the time of the original surgery. Nevertheless, both patients developed metastatic disease. Kwon et al 9 reported two of 57 patients with positive margins and four patients with negative margins who developed local recurrence. All patients with recurrence had a tumor that was described by the authors as a "tumor with high malignant potential." None of "tumors with low malignant potential" recurred.
A review of the PN literature in conjunction with the present study comprises 3,803 cases and is summarized in ❚Table 6❚. [7] [8] [9] [12] [13] [14] [15] [16] [17] [18] [19] These publications include those reporting local recurrences in cases with both positive and negative resection margins. There were 173 positive resection margins for which there was follow-up information. Thirteen developed a local recurrence. Of the cases in which the final margin was negative, there were 39 with local recurrence. One local recurrence after a positive resection margin was described by Sutherland et al 8 in a patient who had a previous contralateral nephrectomy and two ipsilateral recurrences. A second case of a positive resection margin and local recurrence was reported by Permpongkosol et al. 18 The patient had VHL syndrome and subsequently died of metastatic disease, similar to two cases reported here.
Permpongkosol et al 18 also reported 12 patients with a negative margin who developed a local recurrence. Link et al 13 reported a local recurrence in a patient who had VHL syndrome with a negative margin. In the present series, six patients with negative margins had a local recurrence. In the literature summary, detailed clinical histories with tumor characteristics for all cases with local recurrence are not provided, and therefore it is difficult to draw definitive conclusions and comparisons among studies. However, the available information suggests that type of RCC, multifocality, and grade and stage of the tumor may be more important than the final margin status. The number of recurrences in DOI: 10.1309/AJCP7LKLZ8JSJQRG © American Society for Clinical Pathology the present study is too few to draw any definitive conclusions. However, the previous reports and the present series suggest that a "local recurrence" seems to be an uncommon event that is not principally influenced by a positive resection margin.
The assessment of the resection margin may simply require only gross evaluation. The added utility of frozen section is debatable, notwithstanding requests for actual microscopic evaluation by surgeons. Timsit et al 23 found that negative margins as evaluated macroscopically by the surgeon were accurate and reliable. A study by Kubinski et al 12 concludes that intraoperative frozen section on a specimen with a perimeter of grossly normal-appearing parenchyma is an unnecessary expense and does not provide meaningful additional information. One may allow that during a PN, to avoid cutting across tumor, preserve renal function, or resect a tumor from a difficult location such as the renal sinus, a frozen section may in fact be indicated. Potential pitfalls in the frozen section evaluation 24 may result in repeated frozen sections, prolonged operative time, and potential damage to renal function. In the present study, frozen section was uncommonly requested. From 2005 to 2012, only 22 frozen sections were performed, of which only one was positive. This patient did not develop a recurrence. In the present era of laparoscopic surgery, with or without robotic assistance, the use of frozen section has become less important.
No optimal surveillance strategy is currently universally employed for RCC. Most clinical follow-up is based on the risk for recurrence. The recurrence implication in this context is metastatic disease rather than local recurrence. In this study, the follow-up period for the entire group of patients extended for a maximum of 9 years, with a mean of 2.8 years. Most of the 125 patients with RCC followed less than 1 year were referred to their primary care provider. To the extent that this is an intramural database, this may be a limitation of the study.
In summary, in this large series of PN, tumor recurrence was not predictable based on margin status, a feature that is concordant with prior literature. The number of recurrences in the present series is acknowledged to be few, perhaps a feature of small size and early, albeit possibly incidental, detection. Nonetheless, the data suggest that a positive margin does not ensure a recurrence, nor is a negative margin protective from a recurrence. Recurrence may be influenced by histologic type of the tumor and multifocality. Last, frozen section in PN has very limited clinical value.
